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Abstract
Abnormal mortality of the smooth venus clam (Callista chione) was encountered when conditioning
these clams in a hatchery system. A histopathological analysis was performed to establish the
causes of this mortality episode. Our results showed an increase in rickettsia-like bacteria infection
intensity between the individuals collected at the start of the conditioning in the hatchery and
those collected during the mortality episode. Husbandry stress most likely increased disease
susceptibility and progression in these clams. Rickettsia-like colonies were observed in large
numbers in the gills of all individuals examined. Nematopsis sp. spores and rod-shaped basophilic
bacteria could also been seen in some of the individuals examined. Microbiological analysis of
clam tissue did not reveal the presence of any potentially pathogenic bacteria and all the clams
were shown to be free of Perkinsus sp. parasites. The conditioning protocol was adapted from
those used for other venerid clams due to the lack of data on this species. These findings highlight
the need to perform further studies to evaluate the optimal parameters for C. chione broodstock
conditioning.
* Corresponding author’s E-mail: marina.delgado@irta.cat
Introduction
The venerid bivalve Callista (=Cytherea) chione
(Linnaeus, 1758), or smooth clam, is
distributed on sandy bottoms over 0-180 m
depth range along the Mediterranean and
European Atlantic coasts. Overexploitation in
Mediterranean natural beds is a major concern
for natural population of bivalves including
the commercially important C. chione. Spain
leads both bivalve consumption and
production in Europe and there is a growing
interest in diversifying shellfish aquaculture
in the western Mediterranean coast and
developing commercial clam farms. Within
this scope, knowledge of the physiology and
health status of C. chione appears crucial for
the development of hatchery-reared smooth
clam and seed production.
Limited information is available on its ecology
(Forster, 1981; Metaxatos, 2004; Leontarakis
& Richardson, 2005) or reproductive cycle
(Cano, 1981; Valli et al., 1983, 1994; Tirado et
al., 2002; Galimany, 2006). In addition, very
little is known on the pathology of these clams
(Canestri-Trotti et al., 2000) and specific
diseases that could occur under hatchery or
stress conditions. To date, there is no
published protocol for the growth of smooth
clam under hatchery conditions.
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Rickettsia-like infections have been reported
in a number of marine bivalves (Elston &
Peacock, 1984; Elston, 1986; Hine & Diggles,
2002; Marshall et al., 2003). However,
infections usually induce mild or undetectable
host response that is not associated with
disease (Otto et al., 1979; Elston & Peacock,
1984; Elston, 1986). Nevertheless, heavy
infections have occasionally been found under
intensive culture (Gulka et al., 1983) and
linked to bivalve mortality (Norton et al., 1993
a & b; Le Gall et al., 1988; Villalba et al., 1999).
This study aimed to determine the causes of a
mass mortality episode in a hatchery system
during the conditioning of C. chione
individuals. Results of this study suggest that
stress and branchial rickettsia-like infection
could be responsible for the mortality
observed.
Material and methods
Design and experimental conditions
The conditioning experiment was carried out
using adult specimens of C. chione (110
individuals), with a mean initial length of
68.5±7.6 mm. Clams were collected during
February 2006 at a depth of 10m from
Maresme, Spain (Catalan coast, NW
Mediterranean Sea).
The experiment was performed in 20-litre
plastic tanks (4 replicates), containing sea-
water filtered through 1 μm in a flow through
circuit of between 20 and 24 l/hr. Temperature
was maintained at 19 ± 1o C and salinity at
34‰. Cultured microalgae were continuously
supplied to the clams system by means of a
variable flow peristaltic pump (Dinko D-21V).
Microalgae entered the tanks at mid-depth, the
outflow being located at the top of the tanks.
Microalgae offered consisted of a mixture of:
Isochrysis galbana clone T-ISO (40%),
Tetraselmis suecica (30%) and Chaetoceros
gracilis (30%). The daily food ration was 0.2%
(percentages corresponding to the organic
weight of food supplied as a proportion of
the live weight of the clams). The microalgae
were initially cultured in 6 l jars and then
transferred to 150 l tanks. Walne medium
(Walne, 1966) and industrial fertilizer were
used for the jar and tank culture, respectively.
The microalgae were harvested during the
stationary growth phase.
The total experimental period was 70 days.
Samples were taken twice: first at the
beginning of the conditioning period
(08.02.06), and then when mortality was
evident (55 days afterwards). Histo-
pathological analysis and Ray’s Fluid
Thioglycollate Medium (RFTM) assay for
Perkinsus sp. diagnosis were performed for
each sample. A bacteriology study was
carried out for the sample on day 55.
Histopathology
Ten individuals from the initial sampling
were analyzed in order to establish the
pathological status of the experimental clams.
When mortality occurred, twelve individuals
were also processed for histological
examination (day 55). A section of around 5
mm with the representation of all tissues was
fixed in 10 % formaldehyde in sterile filtered
seawater for 24-48 hours, and afterwards
conserved in 70% ethanol for histological
studies in order to detect the possible
presence of parasites. Samples were
dehydrated and embedded in paraffin.
Paraffin blocks were cut at 3 μm and
hematoxylin-eosin stained. Slides were
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studied under light microscopy (Leyca
DMLB).
The mean infection intensity for rickettsia-
like colonies was calculated from the record
of the number of colonies observed in gills at
20X (light microscopy) in 5 fields of each
individual (equivalent area: 0.74mm2). This
procedure was followed for all the rickettsia-
like parasitized individuals. Ten colonies from
each sample and some basophilic rod-shaped
colonies were also measured by the
microscope software AnalySIS (Olympus).
Perkinsus diagnosis
Perkinsus sp. presence was examined by the
RFTM diagnostic method. Thirty whole clams
from the initial sampling were individually
incubated in 20 ml fluid thioglycollate
medium (Sigma) supplemented with 500 U
ml-1 penicillin G and 500 μg ml-1 Streptomycin
sulphate (Sigma) at room temperature for 7
days in the dark (Ray, 1966; Almeida et al.,
1999). After incubation, FTM was discarded
after centrifugation (10 min at 1500 g, room
temperature) and the remaining tissues
digested in 20 ml of 2M NaOH at 60°C for 3h.
The samples were then washed three times
with filtered seawater and stained with
Lugol’s iodine solution for observation under
a light microscope.
During the mortality episode (day 55), five
entire clams and gill fragments from five other
specimen of C. chione were also processed for
RFTM diagnosis.
Bacteriology analysis
During the mortality event (day 55) one
sample of five whole individuals were
macerated in sterile saline solution (2.5%
NaCl) and 100 μl of this macerate were
inoculated onto marine agar plates (Scharlab,
Spain), Trypticase Soy Agar (TSA; Scharlab,
Spain) + 2%NaCl plates and in tubes
containing 10 ml of Trypticase Soy Broth (TSB;
Scharlab, Spain) + 2% NaCl. Plates and tubes
were incubated at room temperature (22°C)
for up to 72h. After this period of time,
different type colonies were recultured in
TSA+ 2%NaCl and tubes where growth was
present were also re-inoculated on TSA+2%
NaCl. Individual colonies formed were picked
and re-streaked onto agar plates. Once all
types of colonies were pure, isolates were
characterised and the following tests
performed on them: presence of catalase,
oxidase, gram staining, mobility (Frerichs and
Millar, 1993) and the tests of the API20E strip
(Biomérieux, France).
Results
After the first 20 days of conditioning, C.
chione individuals started to die. Mortality rate
increased with time and after 55 days 70% of
the population was dead (table 1).
Histopathology
Some parasites, such as rickettsia-like and
Nematopsis sp. spores were detected in the
individuals from the initial sample. Rickettsia-
like colonies were detected in the gills of all
the individuals, with a mean infection
intensity of 3 colonies/area and a mean colony
size of 21.3 μm (Table 1).
Spores of an Apicomplexan similar to
Nematopsis sp. were observed in the gills of
one out of the 10 individuals analyzed from
the initial sample.
In the individuals from the mass mortalities
sample, rickettsia-like and Nematopsis sp.
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spores were also observed (day 55). Rickettsia-
like bacteria colonies were observed in the
gills of all analyzed individuals as well,
however, in this case the infection intensity
was increased to 30 colonies/area (Table 1;
Figure 1). Nematopsis sp. spores were observed
in the gills of two out of the 12 individuals
(Figure 2).
Inclusions of rod-shaped basophilic bacteria
colonies were observed (Figure 3A), in low
intensity, in the gills of 6 out of the 12 analyzed
individuals when mass mortality occurred
after 55 days of conditioning. These inclusions
were usually situated close to rickettsia-like
colonies (Figure 3A) and in some cases
appeared to be on top of the rickettsia-like
colonies (Figure 3B). The mean size of rod-
shaped basophilic colonies was 4.6 μm length.
Perkinsus diagnosis
No Perkinsus  sp. hypnospore could be
observed by microscopical examination of the
RFTM cultures.
Bacteriology analysis
Twelve isolates were purified and
characterised preliminarily. Four were
isolated from TSA, four from TSB and four
from Marine Agar. They all were gram
negative. Isolates 1, 6, 8 and 9 were oxidase
negative and the remaining positive. Only
isolates 10 and 11 were catalase negative.
Isolates 1, 2, 3, 4 and 6 were not mobile. API
profiles were obtained for isolates 1 to 11 and
though this test was repeated for isolate 12
all tests in the strip were negative for this
isolate. API profiles were different for all the
isolates except numbers 8 and 9 which gave
the same responses. These two isolates came
from the same organism, though one was
initially purified from MA and the other from
TSA+2%NaCl. The profiles for the strip tests
itself integrated with oxidase test are shown
in Table 2.
Further characterization was not performed
since there was no repetitive pattern and
Table 1. Number and mean size of rickettsia-like
colonies in the gills, and mortality (%) of C. chione
during the experimental period (days).
Figure 1. A and B, Rickettsia-like bacteria inclusions (arrows) in the gills of Callista chione during the mass
mortalities period. Scale bar = 50 μm.
Nº 
days 
Colonies 
no. 
Colonies size 
(μm) 
% 
Mortality 
0 3 21.3 0 
20 - - 2 
50 - - 47 
55 30 21.3 70 
70 - - 97 
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therefore it was assumed that mortalities were
not due to the presence of specific bacteria.
Discussion
Rickettsia-like bacteria infections were
reported in bivalves for the first time by
Harsherbarger et al. (1977). Since then, several
authors have described these bacteria in a
variety of bivalve species (Elston & Peacock,
1984; Elston, 1986; Hine & Diggles, 2002;
Marshall et al., 2003). In this study,
histopathological examination of tissues from
smooth venus clams revealed the presence of
a large number of rickettsia-like organisms,
Figure 2. A and B, Nematopsis sp. spores (arrows) in the gills of Callista chione. Scale bar = 50 μm.
Figure 3. Rod-shaped basophilic bacteria colonies inclusions (arrows) in the gills of Callista chione: A, rod-
shaped basophilic bacteria situated close to Rickettsia-like colonies; B, rod-shaped basophilic bacteria situated
on the top of Rickettsia-like colonies. Scale bar = 50 μm.
Isolate no. Oxidase API profile no. 
1 Negative 0014046 
2 Positive 0014042 
3 Positive 0205042 
4 Positive 0005573 
5 Positive 2105573 
6 Negative 0202046 
7 Positive 1204072 
8 Negative 1005576 
9 Negative 1005576 
10 Positive 0007572 
11 Positive 2006520 
12 Positive No results* 
*Twice the test strip was negative for all tests
Table 2. API profiles of the bacteria isolated from
C. chione on day 55.
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especially in the individuals collected during
the mortality episode. Rod-shaped basophilic
bacteria colonies and spores of Nematopsis sp.
were also occasionally observed. Nematopsis
sp. had been previously found in C. chione
from the Adriatic Sea (Canestri-Trotti et al.,
1998 & 2000) whereas inclusions of rod-
shaped basophilic bacteria colonies have been
reported in some clam species (Marshall et al.,
2003). These authors described colonies of
similar size and shape to those observed in
the present study, and also reported a weak
correlation between moderate and high
intensity of rickettsia-like colonies and
presence of rod-shaped basophilic bacteria.
The presence of Perkinsus sp. has already been
documented in the smooth venus clam from
the North-Western Adriatic sea, Italy
(Canestri-Trotti et al., 2000). However, no
Perkinsus infection could be diagnosed by the
RFTM assay in any of the sample tested in
the present study. In addition, bacteriological
analysis did not detect any potentially
pathogenic bacteria.
Infections by rickettsia-like organisms are
often seen in molluscs and are usually
believed to be innocuous. In this sense,
Villalba et al. (1993) described
intracytoplasmic basophilic inclusions
identified as rickettsia-like colonies in
Ruditapes decussatus and Venerupis pullastra
clams from the Galician coast (Spain), that
were not linked to mortality events.
Nevertheless, heavy infections with these
bacteria have been shown to induce
mortalities (Leiboutz, 1989) by reducing the
metabolic efficiency and nutritional status of
the host (Otto et al., 1979; Elston, 1986).
Villalba et al. (1999) reported mortality of
Venerupis romboides from the Spanish coast
(Galicia) associated with branchial rickettsia-
like infection. Similarly, high mortality due
to the presence of branchial rickettsiae in sea
scallops Placopecten magellanicus (Gulka &
Chang, 1984), razor clams Siliqua patula
(Elston, 1986), scallops Pecten maximus (Le
Gall et al., 1988), giant clams Hippopus
hipppopus and Tridacna gigas (Norton et al.,
1993 a & b) have been reported. In the present
study, rickettsia-like organisms were already
found in clams collected during the
conditioning in the hatchery. Their increase
in number of colonies over time, together with
the absence of Perkinsus sp and potentially
pathogenic bacteria, suggests that rickettsia-
like organisms may have been responsible for
the episode of mass mortality of C. chione
observed in the hatchery. For heavy infections,
gill lesions are likely to occur and
consequently alter respiratory and digestive
functions. Parasites other than Perkinsus sp.
were also occasionally detected; however
these were at a prevalence and infection
intensity that could not explain this mortality
event.
Critical parameters to be considered when
conditioning marine bivalves in hatcheries
include the food, water flow rate, water
temperature and salinity. To our knowledge,
there is no protocol available for the hatchery
conditioning of C. chione broodstock. Due to
the lack of information for this species, clams
were conditioned under temperature and
nutritional parameters optimized for other
venerid species (Delgado & Pérez-Camacho,
2005). Norton et al. (1993a) suggested that
several factors could influence the
pathogenicity of rickettsia-like bacteria under
intensive culture conditions. For example,
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overcrowding and low turnover rates of water
in culture tanks would favour the
proliferation of rickettsia-like bacteria and the
presentation of clinical diseases that would
eventually lead to the death of the animals.
In the present study, high turnover rate of
water (1 complete renewal/h) and low culture
density of clams were applied when
compared with available data from other
venerid species. The initial culture density
was 0.07 kg/l in our experiment versus 0.1 kg/
l for R. decussatus (Delgado & Pérez-Camacho,
2005). In January, the seawater temperature
from the natural habitat of C. chione is around
13°C (Galimany, 2006). The relatively high
temperature applied to the clams during the
experimental period (19ºC) most likely caused
physiological stress, thus reducing the clam
resistance to disease and enhancing the
proliferation of rickettsia-like organisms in the
host. Nevertheless, other factors like the
absence of adequate sandy bed, or nutritional
deficiencies (caused by the lack of suitable
species of microalgae, bacteria, detritus or
dissolved organic matter) can also cause stress
in the clams.  With regard to the salinity, both
the field and the hatchery water remaining at
about 34‰ throughout the observation
period.
In conclusion, husbandry conditions for C.
chione broodstock, most likely triggered the
proliferation of rikettsia-like organisms
initially present in the individuals. Severe
infections might have affected the respiratory
and digestive functions of C. chione leading
to the death of the animals. Further work is
necessary to evaluate the optimal parameters
for conditioning of C. chione and to assess the
reproductive cycle of this bivalve under
experimental conditions.
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